We synthesized unmodified Fe 3 O 4 nanoparticles (NPs) with particles size from 10 nm to 100 nm. We cultured NRK-52E cell lines (rat, kidney) and treated with Fe 3 O 4 NPs to investigate and evaluate the cytotoxicity of NPs for NRK-52E cells. Through global proteomics analysis using dimethyl labeling techniques and liquid phase chromatography coupled with a tandem mass spectrometer (LC-MS/MS), we characterized 435 proteins including the programmed cell death related proteins, ras-related proteins, glutathione related proteins, and the chaperone proteins such as heat shock proteins, serpin H1, protein disulfide-isomerase A4, endoplasmin, and endoplasmic reticulum resident proteins. From the statistical data of identified proteins, we believed that NPs treatment causes cell death and promotes expression of ras-related proteins. In order to avoid apoptosis, NRK-52E cell lines induce a series of protective effects such as glutathione related proteins to reduce reactive oxygen species (ROS), and chaperone proteins to recycle damaged proteins. We suggested that, in the indigenous cellular environment, Fe 3 O 4 NPs treatment induced an antagonistic effect for cell lines to go to which avoids apoptosis.
Introduction
In general, nanoparticles (NPs) are a group of particles with diameter size between one nanometer to one hundred nanometers. NPs have properties such as a high specific surface area and have a high potential to be a good catalytic agent, and therefore NPs have been widely used in fields such as antibacterial [1] , antimicrobial [2, 3] , drug delivery [4] , and global use in research [5, 6] . However, having high catalytic potential, NPs were modified with polysaccharide or chitosan to avoid cytotoxicity [2, 3] . Based on the response of toxicity, NPs such as those that use silver and titanium dioxide were evaluated for cytotoxicity, DNA damage, and reactive oxygen species (ROS) [7] [8] [9] . Especially in AgNPs, numerous studies showed that in cellular responses, 100 nm AgNPs induced serine/threonine protein kinase (PAK), phosphatase 2A, and mitogen-activated protein kinase (MAPK) pathways, and 20 nm AgNPs induced ROS, SUMOylation, and protein carbonylation [10] . Moreover, published papers increasingly show that proteomics analysis and LC-MS/MS were utilized 2 The Scientific World Journal to demonstrate the effects of NPs, such as quantitative proteomics to evaluate AgNPs exert cellular responses [10] , AgNPs treatment directly involved in ROS, metal detoxification according to genomics and proteomics results [11] , and the toxic effects and behavior in Caenorhabditis elegans [12] .
Previous studies reported that in vitro experiments and AgNPs exposure directly induced ROS, cell death, apoptosis, and inflammation [13, 14] . In animal model studies, female rats had AgNPs accumulation in kidney regions, especially in the glomerulus [15] . A variety of reports showed evidence that AgNPs treatment has cytotoxicity in proteomics and genomics; however no evaluated studies of other NPs are described with Fe 3 O 4 or gold nanoparticles.
MS-based quantitative proteomics has been developed at a marvelous rate in the past two decades for biomarker discovery and drug screening. In addition, proteomics provides numerous proteins expression profiles using quantitative techniques to estimate and established the relationships using bioinformatics software. Current quantitative comparisons between specimens both with drug treatment and without treatment or normal and abnormal tissues are beneficial to identify the proteins with upregulation or downregulation and to set up biologic mechanisms and pathways [16, 17] . However in complicated tissue specimens, abundant proteins interfere with the detection of rare proteins. Multiple dimensional separation systems were used to fractionate peptides into different fractions through liquid phase chromatography (LC) to decrease the samples' complication and to increase the amount of protein identification [16, 18] .
In ∘ C. Subsequently, the mixture was degassed continuously using a nitrogen gas cylinder. Sodium hydroxide (NaOH 150 mL, 2 M) was slowly injected drop by drop into the glassware. The color of the solution transformed from yellow to orange, and finally the color shifted to black through the NaOH dripping down. After incubation at 50 ∘ C for one hour, the supernatant was removed through a strong magnet absorbing NPs. The generated NPs were then washed with deionized water and removed by a centrifugal tube with 1,800 rpm for two minutes. Then finally the NPs were rinsed with 0.5 M HCl, deionized water and ethanol sequentially. NPs in each dish for 24 hours, and comparison groups were treated with dimethyl sulfoxide (DMSO). After being washed three times with phosphate-buffered saline (PBS), the cells were lysed with modified RIPA buffer containing 1% NP-40, 0.1% SDS, 150 mM NaCl, 50 mM Tris-HCl, and 1 tablet/10 mL of Roche minicomplete protease inhibitor cocktail at pH 7.5. Finally, the protein concentration of NRK-52E cell lysate was determined using the Bradford assay. ∘ C for 5 minutes. The sample bottles were put on ice and then for alkylation were treated with 8 L of 50 mM IAM at room temperature for 30 minutes in the dark with agitation. Furthermore, sample proteins were precipitated by 52 L of 50% trichloroacetic acid (TCA) with incubation on ice for 15 minutes. By centrifugation to remove the supernatant, the protein pellets were washed in different solutions according to priority with 150 L of 10% TCA, 250 L of deionized H 2 O, 250 L of acetone, and two times with 250 L of deionized H 2 O. After removing the supernatant, the protein pellets were digested in 2 g of trypsin in 200 L 50 mM NH 4 HCO 3 (pH 8.5). An additional 2 g of trypsin was added after 4 hours of tryptic digestion, and then the samples were digested for 14 hours at 37 ∘ C. Eventually the tryptic digestion samples were dried by vacuum centrifugation to remove the digested buffer. For labeling procedures, the lyophilized samples were redissolved in 180 L of 100 mM sodium acetate buffer at pH 5.5. Simultaneously the treated NPs samples were labeled using 10 L of 4% formaldehyde-D 2 and then those samples treated DMSO were labeled using 10 L of 4% formaldehyde-H 2 . Both of the samples were vortexed for 5 minutes, followed by treatment with 10 L of 600 mM sodium cyanoborohydride for 1 hour. Finally, the labeled solutions were combined after adjusting to pH 2-3 using 10% TFA/H 2 O for desalting by a homemade C18 cartridge desalting kit. After vacuum centrifugation drying, the triplicate combined samples were fractionated with a hydrophilic interaction chromatography (HILIC) separated system. HILIC system was performed using an L-7100 pump system (Hitachi, Tokyo, Japan) connecting a TSK gel Amide-80 HILIC column (2.0 mm × 150 mm, 3 m particle size; Tosoh Biosciences, Tokyo, Japan) with a flow rate of 200 L/min. The mobile phase system was used for gradient elution: solvent (A) was 0.1% TFA in water; solvent (B) was 0.1% TFA in 100% MeCN. The eluted fraction from the homemade C18 cartridge was dissolved in 25 L of solution containing 85% MeCN and 0.1% TFA and then injected into the 20 L sample loop. Furthermore, the gradient was performed as follows: 95% (B) for 2 minutes; 95%∼60% (B) for 32 minutes; 60%∼5% (B) for 10 minutes; 5% (B) for 5 minutes; 5%∼95% (B) for 1 minute; and 95% (B) for 10 minutes. Each fraction contained 1.2 mL buffer in the total of 10 collected fractions, and finally every fraction was dried in a vacuum centrifuged system.
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Protein Identification by LC-MS/MS Analysis.
The vacuum dried lyophilized samples were redissolved in 10 L of 0.1% FA in H 2 O and analyzed using a Thermo LTQ Orbitrap XL (Thermo Fisher Scientific, San Jose, CA). A total of 10 L of sample was injected onto a C18 capillary pretrapped column (0.3 mm × 5 mm, 5 m particle size, Agilent Zorbax XDB); HPLC loading pump and separation was performed by a C18 column (i.d. 75 m × 150 mm, 3 m particle size, Micro Tech, Fontana, CA). A LC-MS/MS separation was performed using an Agilent 1200 series Nanoflow pump (Agilent Technologies, Santa Clara, CA). The flow rate of loading pump was set at 5 L/min, and the gradient pump was set at 300 nL/min. The mobile phases consisted of (A) 0.1% FA in water and (B) 0.1% FA in 100% MeCN. The linear gradient was as follows: 2% (B) in 2 minutes, 2%∼40% (B) in 40 minutes, 40%∼95% (B) in 8 minutes, 95% (B) in 2 minutes, 95%∼ 2% (B) in 1 minute, and 2% (B) in 7 minutes. The digested peptides were detected by a voltage of 1.8 kV in the positive detection ion mode. The separated system with full scanning mode conditions was set at / 400-1600 Da with resolution = 30,000. The data-dependent mode was set according to a priority to select peptides which were detected with 5 high-intensity signals in the MS mode and transferred into collision chamber for fragmentation with a collision energy of 35 eV. The fragmented ions were analyzed and detected at second MS analyzer with a mass range of / 100-2000 Da. To exclude ions with similar / and avoid interferences, the data-dependent mode was also set a repeat duration of 30 seconds.
Mascot Database Search and Mascot
Distiller Quantitation. The software Xcalibur (version 2.0.7, Thermo Scientific Inc., San Jose, CA) was utilized to control Orbitrap XL and to acquire the MS and fragmentation data. The raw data including MS and MS/MS spectra were converted to a suitable file type by the Mascot Distiller software (version 2.5.1.0 (64 bits), Matrix Science Ltd., London, UK) to perform protein identification and quantitation. The parameters of the Mascot Distiller were set as follows: "Orbitrap res MS2" (default parameter setting) for peak list transformation; "Rattus" for the taxonomy in the Swiss-Prot databank of the Mascot search engine; zero allowable missed cleavages for tryptic digestion; dimethylation (MD) for quantitation; fixed modification was selected carbamidomethyl for cysteine modification; peptide tolerance of 10 ppm with precursor ions; and 0.8 Da tolerance for MS/MS. Peptides charge was selected when they had charges of 1 + , 2 + , and 3 + , and the instrument was set to "ESI-trap. " Finally, the protein quantitative result was listed by the heavy-labeled/light-labeled (D/H) ratios from the Mascot Distiller. Figure 1 , TEM images showed that we took three photos of Fe 3 O 4 NPs with 20 nm, 50 nm, and 100 nm scale bars. It is considered that NPs with a higher surface area are easier to aggregate with other NPs; therefore through the aggregation in Fe 3 O 4 NPs there were Fe 3 O 4 particles generated above 100 nm if no additional protective agent was modified onto Fe 3 O 4 (Figure 1(c) ). We considered that Fe 3 O 4 NPs with dispersive diameter sizes are suitable for cytotoxicity evaluation due to the fact that NPs found in the environment have random sizes. For protein quantitation, the procedures and using reagents including formaldehyde-H 2 , formaldehyde-D 2 , and sodium cyanoborohydride (NaBCNH 3 ) were obeyed as following the previous literature [19] . By utilization of dimethyl labeling, the differences of protein expressions in treatment with and without NPs was enabled to be determined. In the mass spectrum, the proteins of NRK-52E treated NPs were labeled as formaldehyde-D 2 and proteins of untreated NPs were labeled as formaldehyde-H 2 . In the same sequential peptides, however, different treatments had a mass difference 4 Da or 8 Da depending on the use of the labeling agent. Off-line HILIC fractionation was utilized to decrease the complication of the mixed samples [16, 18] schematic flow chart of the process is shown in Figure 2 from sample pretreatment and protein identification to protein quantitation. Figure 3 showed the peptide belonging to C1qBP having sequences GVDNTFADELVELSTALEHQEY-ITFLEDLK which was fragmentized by collision induced dissociation (CID), and its MS/MS spectrum was illustrated by y-ions and b-ions. From a quantitative standpoint in support of the Mascot Distiller in bioinformatics software, the result of protein list showed that the D/H ratio belonging to GVDNTFADELVELSTALEHQEYITFLEDLK peptide was 4.23. Simultaneously the raw data from LC-MS/MS that we extracted from the labeled peptide of C1qBP by / 1165.92 (3 + , H-labeled) and 1168.60 (3 + , D-labeled) presented signals of peak area and peak height (Figure 4(a) ) and showed the isotope pattern of H-labeled peptide and D-labeled peptide (Figure 4(b) ) which demonstrated the changes in different labeling. The statistical results showed that peak area was 4.42-fold in D/H ratio and peak height was 4.22-fold; the statistical data was calculated and shown in Table 1 . NPs were treated, ras-related proteins were expressed including ras-related protein Rab-7L1 (RAB7L RAT, 3.2-folds), ras-related protein Rab-1A (RAB1A RAT, 2.3-folds), rasrelated protein Rab-2A (RAB2A RAT, 1.6-folds), ras-related C3 botulinum toxin substrate 1 (RAC1 RAT, 1.2-folds), ras-related protein Rap-1A (RAP1A RAT), and ras-related protein Rab-7a (RAB7A RAT). Accor-ding to previous studies, ras-related proteins were associated with cancer cell metastasis [24, 25] , and ras-related C3 botulinum toxin substrate 1 was associated with differential roles such as cell proliferation which could be inhibited by miR-101 [26] and signal transduction to upregulate in esophageal squamous cell carcinoma and esophageal adenocarcinoma [27] . We also identified related proteins in cell death and apoptosis, such as apoptotic protease-activating factor 1 (APAF RAT, 780.9-folds), programmed cell death protein 10 (PDC10 RAT, 233.2-folds), galectin-1 (LEG1 RAT, 1.75-folds), and programmed cell death 6-interacting protein (PDC6I RAT). Apoptotic protease-activating factor 1 activated procaspase-9 and modulated cellular apoptosis [28] . However, programmed cell death protein 10 promotes cell proliferation and protects malignant T cells from apoptosis [29] . The galectin family played different roles in cell apoptosis such as galectin-7 enhancing apoptosis, but galectin-1 has the opposite effect [30] . In accordance with previous studies and the proteins quantitative list, we considered that the treatment of Fe 3 O 4 NPs caused an antagonistic effect. Fe 3 O 4 NPs induced expression of ras-related proteins and induced programmed cell death protein 10, galectin 1 to promote cell metastasis, proliferation, and progression. However, the apoptotic protease-activating factor 1 promoted cell to go to apoptosis. A variety of glutathione-related proteins with high expression were identified, such as glutathione reductase (Fragment), glutathione S-transferase Mu 1, glutathione Stransferase Mu 2, glutathione S-transferase P, and glutathione S-transferase alpha-3. We thought that Fe 3 O 4 NPs induced reactive oxygen species (ROS) to cause overexpression of glutathione-related proteins. After one day of Fe 3 O 4 NPs treatment, a strong magnet was utilized to recover the residual NPs, but there were no NPs to be recycled. We considered that the NPs had transferred into ferric ions (Fe 3+ ) and ferrous ions (Fe 2+ ) and that endogenous hydrogen peroxide (H 2 O 2 ) reacted with ferrous ions to compose hydroxide free radicals (Fenton reaction) [31, 32] . A variety of reports show that ROS effects are exhibited when NPs were treated [7, 14] . However, ferrous ion (Fe 2+ ) is an initiator in the Fenton reaction, and ferrous ions will react with hydrogen peroxide to produce hydroxide free radicals.
Results and Discussion
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Quantitative Results of NRK-52E Proteins Associated with
Differentially Expressed Proteins of NRK-52E by
Chaperone Proteins Overexpression and STRING Networks Establishment.
We also characterized chaperone proteins such as heat shock proteins, serpin H1, protein disulfideisomerase, endoplasmin, and endoplasmic reticulum resident protein. Eventually, we used the STRING (vision 9.1, http://stringdb.org/) database to establish the interactions between chaperone proteins and related proteins to demonstrate the relationships between Fe 3 O 4 NPs and the associated proteins [20] . The relationships between chaperone proteins, rasrelated proteins, glutathione related proteins, and cell death and apoptosis related proteins are listed in Table 2 and illustrated by STRING in Figure 5 . Heat shock proteins connected with each other and related ras-related C3 botulinum toxin substrate 1 and then combined to glutathione related proteins.
Conclusion
This is a pioneer experiment to show the cellular responses through Fe 3 O 4 NPs treatment. We hypothesized an antagonistic effect in NRK-52E cell lines which is presented as cell death, apoptosis, and cancerization via programmed cell death protein and ras-related proteins; however there are protective mechanism proteins in NRK-52E such as chaperone proteins and glutathione related proteins. In future work, we shall generate or purchase Fe 3 O 4 NPs in a smaller size to confirm the size effect of NPs, and we also need more evidence to prove the ROS effect induced via ferrous ions and to explain the tendency towards apoptosis or to avoid cell death.
